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ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


Date of mailing (day/month/year) 
24 January 2001 (24.01.01) 




International application No. 

PCT/GB00/01748 


Applicant's or agent* s file reference 
FP2690 WO 


International filing date (day/month/year) 
12 May 2000(12.05.00) 


Priority date {day/month/year) 

12 May 1999 (12.05.99) 


Applicant 

SAMUEL, If or, David, William et al 



1. The designated Office is hereby notified of its election made: 



in the demand filed with the International Preliminary Examining Authority on: 

11 December 2000(11.12.00) 

| | in a notice effecting later election filed with the International Bureau on: 



2. The election | X | was 

| | was not 

made before the expiration of 1 9 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 





Authorized officer 


The International Bureau of WIPO 




34, chemin des Colombettes 


Pascal Piriou 


1211 Geneva 20 f Switzerland 
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Telephone No.: (41-22) 338.83.38 
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PCT 

NOTIFICATION CONCERNING 
SUBMISSION OR TRANSMITTAL 
OF PRIORITY DOCUMENT 

(PCT Administrative Instructions, Section 41 1 ) 


To: 

MARKGRAAF PATENTS LIMITED 

The Crescent 

^4 Rln^^nm ^trppt 

York Y024 1AP 

ROYAUME-UNI 


Date of mailing (day/month/year) 

19 September 2000 (19.09.00) 




Applicant's or agent's file reference 
FP2690 WO 


IMPORTANT NOTIFICATION 


International application No. 

PCT/GB 00/0 1748 


International filing date (day/month/year) 

12 May 2000 (12.05.00) 


International publication date (day/month/year) 

Not yet published 


Priority date (day/month/year) 
12 May 1999 (12.05.99) 


Applicant 

UNIVERSITY OF DURHAM et al 



1. The applicant is hereby notified of the date of receipt (except where the letters "NR" appear in the right-hand column) by the 
International Bureau of the priority document(s) relating to the earlier applicatton(s) indicated below. Unless otherwise 
indicated by an asterisk appearing next to a date of receipt, or by the letters "NR", in the right-hand column, the priority 
document concerned \v?c submitted or transmitted to th^ international Bureau in comoliance with Rule 1 7.1 (a) or (b). 

2. This updates and replaces any previously issued notification concerning submission or transmittal of priority documents. 

3. An asterisk(*) appearing next to a date of receipt, in the right-hand column, denotes a priority document submitted 
or transmitted to the International Bureau but not in compliance with Rule 1 7.1 (a) or (b). In such a case, the attention 
of the applicant is directed to Rule 1 7.1 (c) which provides that no designated Office may disregard the priority claim 
concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document 
within a time limit which is reasonable under the circumstances. 

4. The letters "NR" appearing in the right-hand column denote a priority document which was not received by the International 
Bureau or which the applicant did not request the receiving Office to prepare and transmit to the International Bureau, 

as provided by Rule 1 7.1 (a) or (b), respectively. In such a case, the attention of the applicant is directed to Rule 1 7.1 (c) which 
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, 
upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the 
circumstances. 



Priority date 



12 May 1999 (12.05.99) 



Priority application No. 



9910901.9 



Country or regional Office 
or PCT receiving Office 

GB 



Date of receipt 
of priority document 

04 Sept 2000 (04.09.00) 





Authorized officer S / 




The International Bureau of WIPO 




34, chemin des Colombettes 


/ R. RaL^si^^ 




1211 Geneva 20, Switzerland 




Facsimile No. (41-22) 740.14.35 


Telephone NcL (41 -22) 3^^38 




Form PCT/IB/304 (July 1998) 




003531940 



The demand ntust be filed directly "rtfefipfer WuhW Preiintinary Examnmg Audtonty or. «br more Authorities are consent 
»■»» me one chasen ay the applicant Tne juTRZme or n.o-iener code of thai Authony may be .ndicatedbydie applicant on the Ime below- 

EPE.V 



PCX 

DEMAND 

under Article 3 1 of the Patent Cooperation Treaty 
he undersigned requests that the international application specified below be the subject of 
international preliminary examination according to the Patent Cooperation Trearv and 
hereby elects all eligible States (except where otherwise indicated) 



CHAPTER II 



For International Preliminary Examining Authontv use or.lv 



Box No. I IDENTIFICATION OF THE INTERNATIONAL APPLICATION 


Applicant's or agent's file reference 
FP2690 WO 


International application No. j International filing date 1 day/monthyear; 
FCT/GBOO/017^8 j 1 2 MAY 2000 ( 1 2.G5.G0) 


I Earliest) Pnoniv date 'day month \ ear i 

12 MAY 1999 (12.05.99) 


: i lie oi invention 

LIGHT EMITTING DIODE WITH IMPROVED EFFICIENCY 


Box No. II APPLICANT^ 


Nai.iC and address, -.-jnttiy ncme -j. >;,<?£/' by given r.srr.e: 'or j '.£%ci tr.r.r. otncai desioncr.cn 

. -:e -jaaviz: .•>:;,;; .r.c::iae zosiai ccae zr.a. r.ame or' conn rr 

UNIVERSITY OF DURHAM 


f-i-'phonc No.. 


OLD SHIRE HALL 

DURHAM 

DH1 3HP 


Kacsirrrdt: No.: 


Tc!> printer No. 


Mate nhar is. cvunrr:. ; of nationality: : State (dim is. country, of residence: 
G3 ! G3 



:;aares: -rust :nc::iae postal :zze -jnd name oi~ccunrr. _i 



UNIVERSITY OF EXETER 
NORTHCOTE HOUSE 
THE QUEEN'S DRIVE 
EXETER 
EX4 4QJ 



State '.that is. counrryt of national if 

G3 



j State (that is. -sounrryj of residence 

! GB 



Name and address: >rcmt!y .name :bi^v.ed by given name: :br .j ie % oi entir.- orfiaai designator The address -rust mchide postal cose and name ofccur.tr-, 

SAMUEL, [for. David. William 
UNIVERSITY OF DURHAM 
DEPARTMENT OF PHYSICS 
SOUTH ROAD 
DURHAM 
DH1 3LE 



State (that is, country; of nationality; 


State (that is, country) of residence: 


GB 


GB 



XJ Further applicants are indicated on a continuation sheet. 



Form PCT/IPEA'aO ! (first sheet) (July I998; repnnt July 2000) 



See \otes to the demand form 



Sheet No. 2. 

CunriniKirion of Box No. II APPLICANT(S) 



International application No. 

PCT/GB00/01748 



If none of the following sub-boxes is used, this sheet should not be included in the demand 



Name arc accress: Fxm,iv name diU>*ed by gr*n name: dr a legal encr, ..I orfiaai jesignar.on. The address mat ineiude icsta! a 

LUPTON, John. Mark 
UNIVERSITY OF DURHAM 
DEPARTMENT OF PHYSiCS 
SOUTH ROAD 
DURHAM 
DH1 3LE 



Mate thaiis :ottrttr.-> of nationality; 

GB 



Name and ac cress; •rumsiv r 



State ■•■hat is. sountn-i or" residence; 

GB 



' nam * '*u»:*a G>' 2>w name: "or a legal entity, v.-.; official designur.cn. The address must include postal cone jnd name or' 

MATTERSON. Benjamin. James 
UNIVERSITY OF DURHAM 
DEPARTMENT OF PHYSICS 
SOUTH ROAD 
DURHAM 
DH1 3LE 



State -that is. jountn:, oi' national itv: 

GB 


'• State i dial is. :auntn>/ ofresider.ee: 

GB 


Name and accrcss: -r^mih name 'ciiav.ed by given name; 'or a legal ennr,: '; 

BARNES. William, Leslie 
SCHOOL OF PHYSiCS 
UNIVERSITY OF EXETER 
PHYSICS BUILDING 
STOCKER ROAD 
EXETER 
DEVON 
EX^i ^QL 


_ crucial aesignancr. The aadress mi a :nciude postal coze 'end name cTcour.^-: : 


Stale -;hut:s. countr:; of national itv: 
GB 


I State nhaixs. country-) of residence: 
! GB 


Name and address: 'Family name :bilov-ed by given name: ''or a legal ennr.'. ';u 

SALT. Martin. Guy 
SCHOOL OF PHYSICS 
UNIVERSITY OF EXETER 
PHYSICS BUILDING 
STOCKER ROAD 
EXETER 
EX^ 4QL 


- crucial cesignation. . he address must include uosral code end name o: 'connn~.:. : 


State (that is. country of nationality; 

GB 


State f that is, country} of residence: 

GB 


| 1 Further applicants are indicated on another continuation sheet. 



PCT/TPE/VaO 1 (continuation sheet) (July 1998; rcpnnt July 2000) See Notes to the demand fc 



Sheet No. 3 . 



International application Mo. 



Box No. Ill AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CO 


RRESPONDENCE 


ir.c allowing person ;s [x] agent Q common representative 

ana [x] has hecr. appointee writer and represents the applicant! si also for international preliminary examination. 
C :s hc:c5v J ?P° inlt:d jn >' carilcr appointment of; an j agemt s) common representee :s herebv revoked. 

[J :s herebx unpointed, specifically for the procedure before the International Preliminary Exammme Authomv :n audition 'o 

tr.c agcr.tf s; common representative appointed eariicr. 


Name and accress - .;v^':V/:^^ -i.lav.-ed by -liven -:cme; :'or j iev-j. er.r.r. o;f:c:~i -Jes:? nation. 
. -:e juares: .nciuae postal :oae >jncj name -Jt sounrrv.j 

MARKGRAAF PATENTS LjMITED 

THE CRESCENT 

5^ 8LOSSCM STREET 

YORK 

Y024 1AP 


i 

fdirphonc N'u.. 

019C4 610586 


Facsimile No.; 

01904 510909 


TjL-pnnier No.. 


I | Adurc*» tor correspondence: Mark tms check-oox where no agent or common representative is- has been aopomtec arc the 
1 ->pace aoo\e is usee msteac to indicate a special accr ess to which correspondence should be sent. 


Box No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION 



Statement conccrniny amendments: 

The applicant -Aishes the ;n: arr.atior.al preliminary examination ro start on rhe basis of: 
! I ihe :r.:e:r.ationai application as ongir.ailv filed 
the description | X j originally filed 

I | as amended under Article ?.4 

&e claims | ( ^ originally filed 

I * ! amended under Ancle 19 (together Attn ar.v accompanying statement; 
( ; as amended under Article .i-l 

the drawings as urigmaiiy filec 

! i ■ . ■ - 
! as amended under .-yrucie .n 



wishes any amendment to the claims under Article 19 to be considered as reversed. 



□ Ihc 3 p ? ::c 

I | rnc -PP^cant wisnes tr.e start of the international preliminary examination ro be postponed until the expiration of 20 months 
from the priority date unless the International Preliminary Examining Authority receives a copy of any amendments made 
unccr Article 19 or a notice from the applicant that he coes not wish to make such amendments i Rule 69. 1(d)). (This check- 
box ma\ be marked oniy where rhe time limit under Article 19 has not yet expired, j 
'A/here no cr.eck-box is marked, international preliminary examination will start on the basis of the international application 
as ongmai.y :;:ec or. where a copy of amendments to the claims under Article ! 9 and or amendments of the international aDDtication 
unccr Article are received -v the International Preliminary ~ xamir.ins Authority before it has begun to draw up a written or 
or the :nterr.a::cnai preliminary examination resort, as so amended. 



: ocinion 



Lanuuatje for the purposes of international preliminary examination: ENGLISH 
f*"l which :s the language :n which the international aoDiication was tiled 

□ 

w hicn :s the language ot a translation furnished for the nurposes of international search 
w hich :s the language of publication of the international application. 
□ which :s !h c language ot the translation (to be) turnished tor the purposes of international preliminary examination. 



Box No. V ELECTION OF STATES 



The applicant hereby elects all eligible States (that is, all States which have been designated and which are bound by Chanter II of 
rhePCT) y J 

excluding the following States which the applicant wishes not to elect: 



Form PCT/IPEA -01 (second sheet) (July 1998; repnnt July 2000) 



See Notes to the demand form 



o 



o 



Sheet No. 



International application No. 

PCT/GBOO/01748 



Box No. VI CHECK LIST 


The demand :s accompanied bv the following elements, in the ianauaac refer: 
Box No. IV. :or :hc purposes or* international preliminary examination" 


zz to m 


For [ntemationai Preliminary- 
Examining Authority use or.lv 






recet\ ed 


not received 


I. translation ot international application 


sr.cets 


□ 


□ 


2. amendments under Article . ; 4 


sheets 


□ 


□ 


.V cop v (or. -a here required, translation) at" 








amendments under Article 19 


sheets 


□ 


□ 


4 copy (or. 'A here required. :ranslation) of 








statement under Article 19 


sheets 


□ 


□ 


5. letter 


sheets 


□ 


□ 


6. other -specify! 


sheets 


□ 


□ 



The demand ;s also accompanies bv the item(s) marked below 
1. | | lee calculation sheet 
-■ | | separate signed power of attorney 
3. I [ copy of ge 

ri":* "T:* ' 



general pow er of attorney, 
re: ere nee number. :f anv: 



statement explaining lack of signature 

nucleotide and or ammo acid scc.ucr.ee listinn in 
computer readable form 



□ 



Box No. VII SIGNATURE OF APPLICANT. AGENT OR COMMON REPRESENTATIVE 



<<£C :o even r.'j:cj;e :i:e na. 



c^-.i o: :.-:e person signing ana :he caoacr: 



r. :;?>:; :ucn cz:^c:r.- :> ,-.c-t ozvicus :'rom reading :he ■Jeir.i.ndi. 




MARKGRAAF PATENTS LIMITED 



-or International Preltmirnrv .» v.imnino iftsinM- ..^ = - _ 


I. Date of actual receipt of DEMAND: 




Adjusted date of receipt of demand due 
to CORRECTION'S under Rule 60.1(b): 


3 . 


| | The date of receipt of the demand is AFTER the expiration of 1 9 months i 1 The applicant has been 

1 1 from the priority date and item 4 or 5 : below r does not apply. I 1 informed accordingly. 


4. 


1 | The date of receipt of the demand is WITHIN the ncnod of 19 months from the priority date as extended bv virtue of 
1 1 Rule SO. 5. 


5. 


1 1 Although the date of receipt of the demand is after the expiration of 19 months from the pnontv date, the delav in arrival 
1 ■ is EXCUSED pursuant to Rule 82. ' 



For International Bureau use only 

Demand received from [PEA on: 



Form PCT/TPEA 401 (last sheet) (July 1998: reprint July 2000) 



See Notes to the demand form 



o 



o 



PCX 



CHAPTER II 



international 
application No 


PCT/G BOO/0 1748 


Applicant's or agent' s 
flic reference 


FP2690 WO 



FEE CALCULATION SHEET 
Annex to the Demand for international preliminary examination 

■ — For international i'reiim-.r.ary Examimr.e Authority use oniv 



Dale stamp ot'ihc iPLA 



Applicant 



UNIVERSITY OF DURHAM & EXETER 



Calculation of prescribed fees 



Preliminary examination fee 

Handling :ee 'Applicants from certain Srares are 
inn i led to a reduction of ~i°A of the handling fee. 
ll-liere the applicant ;s (or ail applicants are) so en- 
titled, the amount to be entered 'at 11 is 25% of the 
handling lee - : 

Total of prescribed fees 

Add the amounts entered at ? and H 

and enter :otai :n :he TOTAL box 



981.00 



94.00 



1075.00 GBP 



TOTAL 



authorization *o charse deposit 
account with the EPE7A i see belovA 



Mode of PnMncnr 

□ 

| X\ cheque 

| | postal money order 



□ 



bank draft 



□ 
□ 
□ 

j | other fspeary j; 



revenue stamns 



coupons 



Deposit Account Aurhorizntiun -this mode of payment may not be available at all IPEAs; 

The EPEA; | | js hereby authorized to charge the total fees indicated above to mv ce-osit account. 

f^j •this check-box may be marked only if the conditions for deposit accounts of the IPEA so permit) is hcrebv 

authorized to charge any deficiency or credit anv overpayment ;n the total fees indicated above f o 

my ceposit account. 



D10C07 



x. 



Deposit Account Number 



11/12/2000 



Date (day>'mon th>'year) 



Sienature 



Form PCT/IPEA401 (Annex) (July !998. repnnt July 2000) 



Markgraaf Patents Limited 



See Motes to the fee calculation sheet 



o 



o 



PCT 

REQUEST 



The undersigned requests that the present 
international application be processed 
according to the Patent CooDeration Treatv. 



For receiving Office use onlv 



International Application No 



International Fiiina Date 



Name of receiving Office and "PCT International Application" 



Applicant's or agent's fiie reference 

uf desired) f 12 characters nuvaniinu FP2690 WO 



Box No. I TITLE OP INVENTION 

LIGHT EMITTING DIODE WITH IMPROVED EFFICIENCY 



Box No. II 



APPLICANT 



Name and address: ; Family name followed by given name; for a le^ai entity, full official 
designation. The address must include posta'feode and name ofccunfn: The country- of (he 
address indicated in this Box is the applicant s State (that is. country of residence if ho State 
of residence is indicated below., 

UNIVERSITY OF DURHAM 
OLD SHIRE HALL 
DURHAM 
DH1 3HP 
GREAT BRITAIN 



□ -rh 



is person is also inventor. 



rr-enhone No 



Facsimile No. 



State '.that is. country; of nationaiirv 

GB 


State (that is. country- 1 of residence. 

GB 


This person ;s applicant | j -il designated 
for the purposes of: ! ! States 


X 


ail designated Mates except j | -r.e united States [ "] the Mates moicaisu :n 
the United States of America | | of .America onlv | [the Supplemental 3o\- 


Box No. Ill FURTHER APPLICaNT(S) AND/OR (FURTHER) rNVENTOR(S) 



Name and address: (Family name follow ed by 'given name; for a legal entity, full official 
designation. The address must include postal code and name ofcounfn: The country' of the 
address indicated in this Box is the applicant 's State (that is, centum-/ of residence if no State 
of residence is indicated below. > 

UNIVERSITY OF EXETER 
NORTHCOTE HOUSE 
THE QUEEN'S DRIVE 
EXETER 
EX4 4QJ 
GREAT BRITAIN 



i njs person is: 
| % [ applicant oniy 

| | applicant and inventor 

inventoronly (If this check- box 
is marked do not fill bi below.} 



State t that is, ccnuitrx-i of nationaiirv: 

GB 


State (that is, countivj of residence: 

GB 


This person is applicant J j ail designated ("T7 
for the purposes of: 1 1 States 1 


all designated States except j j the L':::ted States 1 i the States indicated in 
the United States of America 1 I of .America only 1 1 the Supplemental 3ox 




X 


Further applicants and' or further) inventors are indicated on a continuation sheet. 


Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 


The person identified rjselow is hereby- nas been appointed to act on behalf 
of the aoplicant(s) before the competent International Authorities as: 


X 


agent | | common representative 



Name and address: (Family name followed by given name; for a legal entity, full official 
designation. Jlie address must include postal code and name of country. ) 

MARKGRAAF PATENTS LIMITED 

THE CRESCENT 

54 BLOSSOM STREET 

YORK 

Y024 1AP 

GREAT BRITAIN 



Telephone No. 

+44 (0) 1904 610586 



Facsimile No. 

+44 (0) 1904 610909 



Teleprinter No. 



□ Address for correspondence: Mark this check-box where no agent or common representative is/ has been appointed and the 
space above is used instead to indicate a special address to which correspondence should be sent. 



See Motes to the request form 



Form PCT/RO/10I (first sheet) (July 1993; reprint January 2000) 



-1 



Sheet Mo. 



Continuation of Box No. 01 FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 



If none of the following sub-boxes is used, tins sheet should not be included in the request 



N ame and address: >Famti\> name followed bv grxen name; for a legal enntv full official 
designation. I tie address mast include postal'code and named/ countrv. The'countrv ot the 
address indicated ;n this Box is the applicant 's State (that is. countr\> of residence if no State 
nf residence is indicated below ) 

SAMUEL, ffor David William 

DEPARTMENT OF PHYSICS 

UNIVERSITY OF DURHAM 

SOUTH ROAD 

DURHAM 

DH I 3LE 

GREAT BRITAIN 



This person is: 

| | applicant onlv 

| X | applicant and inventor 

j | inventor only 'If this cJxeck-box 
is marked <~k> > tot fill m below t 



Slate •that is. countrw of nationality 

GB 


State {that is. coiuittv/ of 

GB 


residence: 


Phis person is applicant i [ ail designated j j all designated States except 

;or the purposes of: ( j States | | the United States of America 


-OH -he L'mted States j t the Stales indicated :n 
111 °f America onlv | | : ~ c Supplemental 3o\ 



Name and address: -Family name followed by given name; for a t'eqai entir\\ full official 
designation. The address must include postal'code and name'of countrv The 'countrv' of the 
address indicated in this Box is the applicant s State <diat is. co'untrx} of residence if no State 
ot residence is indicated below.} ' * 

LUPTON, John Mark 

DEPARTMENT OF PHYSICS 

UNIVERSITY OF DURHAM 

SOUTH ROAD 

DURHAM 

DH1 3LE 

GREAT BRITAIN 



1 ms oerson is: 



| | applicant only 

| X| applicant and inventor 

| | inventor only if this check-bo: 
is marked, do not rill in be tow. i 



GB 


'that is. countTK) of 


nationality 




j State fthat is. 

GB 


countiyt ot" residence- 




Fnis p 
for the 


erson is applicant 
purposes of: 


1 "" "j ail designated 
| j States 


□ 


ail designated Stales except 
the United States of America 


j w ] the L'mted States 
1 i or' America only 


j j ".he States indicated :rt 
1 1 tne Supplemental 3o\ 



State (that is. coiuio-.) of nationality 

GB 


State (tiiat is. countn-} of 

GB 


residence: 


ihis person :s applicant j | all designated j 1 all designated States except fT/ - 

tor the purposes of: | | Slates | | the L'mted States of America |r» 


the 
of 


L'mted States i | :he States indicated in 
America only | [ the Supplemental 3ox 



Name and address: /Family name followed by given name: for a iezal enntv, full official 
designation. The address must include postal'code and n am e'of countrv The 'countrv of the 
address indicated in this Box :s the applicant s State "Jiat is. countrv } of residence if no State 
o! residence is indicated below. } 

MATTERSON, Benjamin James 

DEPARTMENT OF PHYSICS 

UNIVERSITY OF DURHAM 

SOUTH ROAD 

DURHAM 

DH1 3LE 

GREAT BRITAIN 



;;:s person is: 
j applicant or.iv 



| XI applicant and inventor 

j I inventor oniv f if this check- box 
is marked, do not fill i?i below j 



Name and address: (Family name followed by given name; for a legal entity, full official 
designation. I headdress must include postal'code and name of countrv. The countrv of the 
address indicated in this Box is the appucant s State ttJiat is. countn,-) of residence if no State 
ot residence is indicated below, t 

BARNES, William Leslie 

SCHOOL OF PHYSICS 

UNIVERSITY OF EXETER 

PHYSICS BUILDING, STOCKER ROAD 

EXETER 

DEVON EX4 4QL 
GREAT BRITAIN 



his nerson is: 



| | applicant oniy 

| X | applicant and inventor 

| | i n v e n to r o n i y (if this check-box 
is marked, do not fill m below, j 



^ta^te (that is, country} of nationality: 


State (that is. cowitr\>J of residence: 

GB 


This person is applicant 1 j all designated I 1 all designated States except 
for the purposes of: 1 1 States | | the United States of America 




the United States j I the States indicated in 
of America only | | the Supplemental 3ox 


X 


Further applicants and/or (funher) inventors are indicated on another continuation sheet. 



Form PCT/RO/101 (continuation sheet) (July 1998; reprint January 2000) 



See Notes to the request form 



Sheet Mo. 



Continuation of Boi No. itt FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 



If none of the following sub-boxes is used, this sheet should not be included in the 



request 



of residence is indicated below.) 

SALT, Martin Guy 
SCHOOL OF PHYSICS 
UNIVERSITY OF EXETER 
PHYSICS BUILDING, STOCKER ROAD 
EXETER 

DEVON EX4 4QL 
GREAT BRITAIN 



i nis person is: 
| | applicant oniy 



icant ana ;n\'entor 



| | '■ n vc n t o r o n i y - If this check-box 
:s marked, .io not nil ui be low > 



Stale tiiiatis, countn) or nationahtv 

GB 



irate nhat is. countn-/ of residence 

GB 



This person is applicant 
for the purposes of: 



□ s 



II designated 
States 



□ all designated States except 
the United States of America 



the United States 
or' .Umenca oniv 



□ the Su 
the Su 



rates indicated m 
pplemenLil 3ox 



Name and address: f Family name /allowed bv given name; for a legal enntv. full official 
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UNIVERSITY OF DURHAM et aL 



1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 8 sheets, including this cover sheet. 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 5 sheets. 
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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

1 -20 as originally filed 
Claims, No.: 

1 -32 as received on 07/05/2001 with letter of 04/05/2001 
Drawings, sheets: 

1/7-7/7 as received on 14/07/2000 with letter of 03/07/2000 



2 With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 7,9,15,16,20,21,23,26,27,29 

No: Claims 1 - 6, 8, 10 - 14, 17 - 19, 22, 24, 25, 28, 30 - 32 

Inventive step (IS) Yes: Claims 7 

No: Claims 1 - 6, 8 - 32 

Industrial applicability (IA) Yes: Claims 1 - 32 

No: Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



Vill. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
cfaims are fully supported by the description, are made: 
see separate sheet 
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Concerning Section V: 

I. Claim 1: 

1. The document WOA-98/2531 3 (= D1) describes a light emitting diode (cf. page 8, 
lines 3 to 7, and Fig. 5), which comprises one or more intermediate semiconductor 
layers (55) and optionally one or more further layers, wherein the LED comprises at 
least one substantially periodic microstructured feature (53) adapted to manipulate 
emission and/or propagation of light by coupling non-radiative waveguide-modes to 
far-field radiation. Since the light emitting device in document D1 is fabricated from 
a sequence of layers on a substrate (51 ), it is implicitly clear that the LED must have 
two electrodes, one adapted for electron injection and one adapted for hole injection, 
sandwiching the layer structure. As a consequence, all the features of claim 1 are 
anticipated by document D1, and therefore claim 1 is not considered to meet the 
requirements of Article 33(2) and (3) PCT. 

2. The document WO-A-98/25314 (= D2), has not been cited in the International Search 
Report. It describes (cf. page 7, line 21 , to page 14, line 32, and Figs. 5 and 6) a light 
emitting diode having a microstructured feature adapted to manipulate emission or 
propagation of light as well. Also in document D2 electrodes are not explicitly 
described, but they belong to a light emitting diode and are therefore implicitly 
disclosed. 

3. The arguments of the applicants put forward in their letter of 4 May 2001 are not 
convincing, because structural differences between the microstructured features of 
the device according to claim 1 and of the devices according to documents D1 or D2 
have to be specified in the claim. At present, the microstructured feature of claim 1 
should be the same as in D1 or D2. 



II. Claims 2 to 22: 

The additional features of dependent claims 2, 5, 6, and 8 are known from document 
D2. Therefore claims 2, 5, 6, and 8 do not appear to meet the requirements of Article 
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33(2) and (3) PCT. 

2. As is described in document D2, only certain modes of the radiation field can oscillate 
in the light emitting diode. These modes differ from each other eg in the polarisation. 
Therefore the additional features of claim 3 are also known from document D2, and 
claim 3 is not considered to meet the requirements of Article 33(2) and (3) PCT. 

3. The additional features of claims 4, 10, and 22 are known from either one of 
documents Dl and D2, and therefore claims 4, 10, and 22 are not considered to 
meet the requirements of Article 33(2) and (3) PCT. 

4. The additional feature of claim 7 is not known nor rendered obvious from the 
available prior art. Claim 7 is therefore considered to meet the requirements of Article 
33(2) and (3) PCT. 

5. A person skilled in the art of semiconductor optical devices knows that the size of any 
feature designed to influence the emitted light depends on the wavelength of said 
light. He would thus obtain sizes as specified in claims 9, 15, and 16 by routine 
optimisation of parameters, taking into account his specific needs. Claims 9, 15, and 
16 are thus not considered to meet the requirement of Article 33(3) PCT. 

6. The additional features of claims 1 1 to 14 and 17 are known from document D1, and 
therefore claims 11 to 14 and 17 are not considered to meet the requirements of 
Article 33(2) and (3) PCT. 

7. The additional features of claims 18 and 19 are known from document D2. Thus 
claims 18 and 19 do not appear to meet the requirements of Article 33(2) and (3) 
PCT. 

8. The use of semiconducting organic materials in light emitting devices is generally 
known and would therefore also be contemplated in a device according to document 
D1 or document D2. Claims 20 and 21 are therefore not considered to meet the 
requirement of Article 33(3) PCT. 
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III. Claims 23 and 24: 

1. As has been pointed out in the preceding paragraph II. 8, semiconducting organic 
layers are generally known in the art. The provision of a lateral microstructure is 
described in document D2, and it is also evident to use such an organic layer in a 
light emitting diode. Thus the person skilled in the art would obtain ail the features of 
claim 23 without employment of inventive skill, and therefore claim 23 does not 
appear to meet the requirement of Article 33(3) PCT. 

2. The use of an LED in any light emitting display is self-evident for a person skilled in 
the art and has often been described. The person skilled in the art knows the subject- 
matter of claim 24 from his general knowledge, and therefore claim 24 is not 
considered to meet the requirements of Article 33(2) and (3) PCT. 

IV. Claims 25 to 30: 

1. The documents D1 and D2 describe also a method for the production of a light 
emitting diode, wherein a laminar structure is fabricated comprising one or more 
intermediate semiconductor layers and one ore more further layers, and further 
comprising the step of adapting the LED such that there is at least one substantially 
periodic microstructured feature adapted to manipulate emission or propagation of 
light by coupling non-radiative waveguide-modes to far-field radiation. The fabrication 
of two opposing electrodes is not mentioned but implicitly clear from document D1 
or document D2. Thus all the features of claim 25 are known from either one of 
documents D1 and D2, and claim 25 is not considered to meet the requirements of 
Article 33(2) and (3) PCT. 

2. The additional feature of dependent claim 26 is obvious from the fact that 
semiconducting organic layers are generally known and from documents Dl or D2. 
Therefore claim 26 is not considered to meet the requirement of Article 33(3) PCT. 

3. The additional features of claim 27 are generally known to a person skilled in the art 
of organic semiconducting materials. Claim 27 is therefore also not considered to 
meet the requirement of Article 33(3) PCT. 



Form PCT/Separate Sheet/409 (Sheet 3) (EPO-April 1997) 



o o 

INTERNATIONAL PRELIMINARY International application No. PCT/GB00/01 748 

EXAMINATION REPORT - SEPARATE SHEET 



4. The additional features of claims 28 and 30 are known from document D1 (cf. page 
10, line 10, to page 12, line 13). Thus claims 28 and 30 are not considered to meet 
the requirements of Article 33(2) and (3) PCT. 

5. The use of a laser beam as a light source is readily at the disposal of a skilled 
process engineer. Therefore claim 29 is not considered to meet the requirement of 
Article 33(3) PCT. 

V. Claims 31 and 32: 

1. A light emitting device as in claim 31 is known from document D1 or document D2. 
Therefore claim 31 is not considered to meet the requirements of Article 33(2) and 
(3) PCT. 

2. A method as in claim 32 is known from document D1 or D2. Thus claim 32 is also not 
considered to meet the requirements of Article 33(2) and (3) PCT. 



Concerning Section VII: 



1 . Claims 31 and 32 contain references to the description and the drawings. According 
to Rule 6.2(a) PCT, claims should not contain such references except where 
absolutely necessary, which is not the case here. Claims 31 and 32 should therefore 
be deleted. 

2. Independent claims 1 and 25 are not in the two-part form in accordance with Rule 
6.3(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (document D1) being placed in the preamble 
(Rule 6.3(b)(i) PCT) and with the remaining features being included in the 
characterising part (Rule 6.3(b)(ii) PCT). 

3. Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
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disclosed in the documents D1 and D2 is not mentioned in the description, nor are 
these documents identified therein. 



Concerning Section VIII: 



1 . Claims 2, 3, 5, 6, and 8 describe the features of the device in terms of a result to be 
achieved. Such a wording is not clear in the sense of Article 6 PCT, since the person 
skilled in the art reading the claims would need inventive thought to put the invention 
into practice. 

2. The use of the word "substantially" in claims 1 , 2, 4, and 25 obscures the scope of 
protection sought by these claims (Article 6 PCT). 

3. Claim 23 refers to all preceding claims, but the semiconducting organic or 
organometallic layer is only defined in claims 20 and 21 (Article 6 PCT). 
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(57) Abstract 



An LED, and in particular an LED employing emissive semi-conductors such as conjugated polymeric materials, consists of a pair of 
electrodes, one or more intermediate semi-conductor layers arranged therebetween and optionally one or more futher layers, and incorporates 
a microstructured feature adapted to manipulate spontaneous emission or propagation of light. The invention also consists of a method for 
the production of such an LED and the use of such a LED as an light emitting display. 
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LIGHT EMITTING DIODE WITH IMPROVED EFFI CIENCY 

The present invention relates to novel light emitting diodes (hereinafter LEDs), 
components and uses thereof, to a process for the production thereof and a 
method for light emission. More particularly the present invention relates to 
novel organic LEDs adapted for improved efficiency light emission, and 
provides a way of controlling the polarisation and spectrum of the emitted light. 
It relates to uses of such devices in light-emitting displays including LCDs 
(Liquid Crystal Displays) and the like, to a process for the production thereof 
and a method for light emission. 

The invention has applications in light-emitting displays, such as for 
calculators, clocks, mobile phones, computers, information display and 
elsewhere. It may be used in a display in which a pattern of LEDs is employed 
or alternatively as a backlight for an LCD. Many further applications will be 
apparent to the reader familiar with LED technology and include use as an 
electroluminescent screen, as a light source, lit control button and the like. 

Light emission from materials can occur as a result of optical or electrical 
stimuli. The former process is known as photoluminescence and the latter 
process is known as electroluminescence. Both processes are well known in a 
wide range of semiconductors. Electroluminescence occurs in LEDs. 

LEDs are semiconducting electronic devices in which the injection of negative 
and positive charges (known in the art as electrons and holes respectively) 
leads to the emission of light from the device. The light-emitting material may 
be organic or inorganic. 



An LED may consist of several layers or regions adapted for charge injection, 
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charge transport, and light-emission. Each layer or region may be an organic 
or inorganic material- 
Semiconducting inorganic LEDs are known, employing inorganic 
5 semiconducting materials for all the above charge transporting and light- 
emitting purposes. Light-emission occurs at a junction between p-type and n- 
type doped semiconducting regions. Inorganic semiconductors are generally 
crystalline materials with complicated (but well-established) manufacturing 
procedures. Gallium compounds and alloys are commonly used. 



An organic light emitting diode (LED) consists of one or more organic layers 
adapted for charge transport and/or light-emission sandwiched between two 
charge injecting electrodes, of which one is usually transparent. 

15 Both polymers and small conjugated organic molecules are suitable as 
constituent layers for organic LEDs. Examples of suitable polymers include 
poly^c-phenylenevinylene) (PPV) and derivatives such as poly[2-methoxy, 5- 
2 ' -ethy 1-hexy loxy) - 1 ,4-pheny lene viny lene] (MEH-PPV) , polyf luorene and 
polypyridine. Examples of suitable small organic molecules include metal 

20 chelates such as aluminium rr/squinoiate (Alq3). The work functions of the 
electrodes are adapted for the injection of charge into the organic layers. 
Materials with relatively high work function such as indium tin oxide (ITO) or 
gold are suitable for hole injection, and ITO is particularly convenient because 
of its transparency. Materials with low work function are commonly selected 

25 for electron injection, such as aluminium, calcium, lithium, magnesium, alloys 
and admixtures thereof. 



10 
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A simple organic LED can be made by spin-coating a polymer such as MEH- 
PPV onto an ITO-coated substrate followed by evaporation of a top metal 
contact. It is also known that organic layers can be deposited successfully by 
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The operation of an LED involves many steps: charge injection, charge 
transport, recombination of opposite charges, light emission, and light escape 

5 from the device. The efficiency of an LED (which can be defined as the 
number of photons emitted divided by the number of charges passing through 
the device) depends on the fraction of injected charges which recombine with 
an opposite charge, the fraction of resulting recombination processes which 
generate light, and the fraction of the light generated in the device which 

10 escapes from the device. 

In general, the light emitted from LEDs is unpolarised. However, for some 
applications, notably backlighting of LCDs, a source of polarised light is 
desirable. 

15 

A serious problem with LEDs is the trapping of light emitted by the emissive 
layer in waveguide modes within the substrate. This may reduce the overall 
external device efficiency dramatically. For example in the case of organic 
LEDs it has been proposed that only a fraction l/2n2 of the light generated 
20 inside the LED escapes from it, where n is the refractive index of the organic 
layer (Angular Dependence of the Emission from Conjugated Polymer Light- 
emitting Diode: Implications for Efficiency Calculations, N.C Greenham, Adv. 
Mat. 1994, 6, No 6). 

25 Taking a refractive index of 2 (typical of a conjugated polymer such as PPV) 
would imply that seven eighths of the light generated inside the device is 
trapped there, and only one eighth escapes. In inorganic semiconductors the 
same considerations apply and refractive indices are higher (a typical value is 
3.5). It has been estimated that only 3% of the light generated in a planar LED 

30 will escape (see for example D. Wood, Optoelectronic Semiconductor Devices, 
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Prentice Hall, Hemel Hempstead, 1994, page 86) 

The present invention provides a novel way of improving LED performance by 
increasing and controlling the light coupling out of the device. 



It is important to appreciate that the invention concerns the adaptation of LEDs 
for improved efficiency light emission, and for enabling control of the 
polarisation and spectrum of the emitted light. LED devices operate by 
spontaneous emission of radiation, in contrast to lasers which operate by 
10 stimulated emission of radiation with spatial and temporal coherence of the 
emitted light, a threshold current for light emission, and (usually) single- 
wavelength operation. LEDs are generally much simpler, cheaper and more 
robust than lasers, and any adaptation of LEDs for improved efficiency should 
therefore be similarly simple, cheap and robust. 



Emissive species embedded in the emissive layer of an LED structure emit 
their energy into the available modes of the structure, these modes include: 
radiative modes, the ones that produce useful radiation; trapped guided modes, 
including waveguide modes and surface plasmon polariton modes associated 
20 with the metal contacts. In addition, emissive species (emitters) may lose their 
energy via non-radiative decay, for example resulting in the generation of 
phonons. 

The different radiative modes are characterised by their frequency and in-plane 
25 wavevector. Modes having in-plane wavevectors less than free space photons 
of the same frequency may escape the LED structure and are responsible for 
the useful radiation from planar LEDs. Modes having a higher wavevector are 
not able to radiate into free space, these radiative modes are thus trapped 
(waveguided) in the layers that comprise the LED structure. These latter 
30 trapped modes may carry the majority of the energy. 
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Various attempts have been made to raise external device efficiency by macro- 
roughening the exit surface by which light leaves the device (for example US 3 
739 217 and US 4 080 245). Random roughening of surfaces has been shown to 
5 increase light output (R. Windisch et al. Applied Physics Letters, 74 (1999) 
2256-2258). 

Other methods of raising efficiency are the provision of internal channels 
and/or microcavities (US 4, 856 014, Control of photoluminescence emission 
10 from a conjugated polymer using an optimised microcavity structure, D.G. 
Lidzey et al, Chemical Physics Letter 263 (1996) 655-660). 

However, there still exists a need to improve the efficiency of light emission of 
an LED. Furthermore, none of the above approaches gives any control over the 
15 polarisation of the emitted light. We have now surprisingly found that it is 
possible to provide a semiconducting LED meeting these requirements in 
admirable manner. 

We have also surprisingly found that the present invention gives some control 
20 of the spectrum of emitted light, and improves the electrical characteristics of 
the LED such that light emission starts at a lower voltage. 

In its broadest aspect there is provided according to the present invention a 
light emitting diode (LED), comprising an electrode adapted for electron 
25 injection, a second opposing electrode adapted for hole injection, one or more 
intermediate semi-conductor layers arranged therebetween and optionally one 
or more further layers wherein the device comprises at least one 
microstructured feature adapted to manipulate spontaneous emission or 
propagation of light. 
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The microstructured feature is suitably comprised as part of an intermediate 
layer, an electrode, and/or a further layer such as a surface layer which may for 
example be an external "cladding" layer or the like. It will be apparent that the 
manipulation may therefore be effective at any stage in the generation, 
5 propagation or emission of light in order to modify the properties of light 
emitted such as intensity, polarisation or spectrum. 

The microstructured feature as hereinbefore defined may be of any form 
adapted to control emission and preferably comprises a substantially periodic 
10 microstructure which is effective in controlling intensity, polarisation or 
spectrum of the emitted light. 

Without being limited to this theory, we have found that the invention provides 
in novel and surprising manner a mechanism by which the above requirements 
15 are met which may be in the form of Bragg scattering from substantially 
periodic microstructure. 

The main advantages of periodic microstructure in an LED are increased 
efficiency, increased brightness, increased total light output, improved 
20 polarisation purity of the emitted radiation and control of the spectral variation 
of the emitted radiation with emission angle, as explained hereinafter. 

Guided modes produced by emission from the emitters in the structure are 
Bragg scattered by the microstructure to produce useful radiation from the 
25 device. In this way light that would otherwise have been trapped in the 
emissive layer is, at least in part, recovered thus improving efficiency. 

Through Bragg scattering the microstructure changes the in-plane wavevector 
of the guided modes. The wavevector of trapped waveguide modes may be 
30 decreased, allowing these modes to radiate. However, radiative modes may 
have their wavevector increased, thus trapping them in the structure. The net 
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result is a surprising improvement in efficiency because, as we have 
demonstrated, the microstructure enables more energy to be scattered out of the 
device than it traps. 

The emission radiated from planar LED devices is in general un-polarised. 
With the addition of microstructure, much of the emitted radiation results from 
the extraction of waveguide modes by the Bragg scattering process. The 
polarised nature of the waveguided modes and the vectoral nature of the Bragg 
scattering process by which they are coupled to useful radiation means that 
periodic microstructure can be used to control the polarisation state of the 
emitted radiation. 

As a further result of the Bragg scattering process, the frequency of the 
radiation emitted in a given direction is dictated by the profile of the 
microstructure. Consequently, the spectral variation of the radiated output with 
emission angle may be controlled. The microstructured layers can consist of 
many regions of different periodicity to couple out light of different colours. 

In addition to the uses of periodic microstructure mentioned hereinbefore, 
periodic microstructure can be used to modify the nature of the waveguided 
modes supported by the LED structure. By controlling the microstructure 
incorporated into the LED structure, in particular the periodicity thereof, the 
microstructure can be used to control the nature of the guided modes that the 
LED structure may support. This in turn allows greater control over the 
radiation emitted by the LED as follows. 

Periodic microstructure, in addition to providing Bragg scattering to allow the 
extraction of waveguide modes, also results in the an alteration of the photonic 
band structure supported by layered structures [ M. G. Salt and W. L. Barnes, 
"Photonic Band Gaps in Guided Modes of Textured Metallic Microcavities" 
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Accepted for publication by Optics Communications, (accepted April 
1999).] 

In particular, Bragg scattering of waveguide modes may be used to produce 
5 band gaps in the propagation of these modes. The frequency of the centre of 
this gap and its width (in frequency) are dictated by the profile of the 
microstructured interfaces together with the dielectric properties of the 
materials from which the layers that comprise the LED are made. 

10 Additionally, because of the vector nature of the Bragg scattering process, the 
central frequency of the gap depends on the in-plane propagation direction of 
the waveguide mode. Importantly, if the frequency of the emission from the 
emitters embedded in the LED structure lies in the photonic band gap for a 
particular in-plane direction, the emitters are unable to generate waveguide 

15 modes propagating in that direction. Conversely, if the frequency of the 
emission from the emitters embedded in the LED structure lies at one of the 
edges of the photonic band gap for a particular in-plane direction, the 
generation of waveguide modes propagating in that direction is enhanced. 

20 Suitable tailoring of the photonic band-structure of the LED through 
appropriate periodic microstructure thus allows for the preferential excitation of 
a desired waveguide mode. This may allow for an additional increase in 
efficiency over and above that due to extracting guided modes by Bragg 
scattering. The higher mode density associated with a mode at the edge of a 

25 photonic band gap further enhances the overall efficiency of the device by 
ensuring that emission by the emitters into waveguide modes preferentially 
produces waveguide modes that propagate in an in-plane direction that the 
microstructure is able to couple to useful radiation. 

30 An additional benefit of this increased efficiency is that there is an associated 
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increase in the decay rate of emission from the emitters, owing to the 
flattened photonic bands. This may prove advantageous when high modulation 
rates are required, or emitters suffering from significant non-radiative decay are 
to be used. Further, by preferentially enhancing the emission from the emitters 
5 into waveguide modes propagating in selected in-plane directions, additional 
improvements in the polarisation purity of the emitted radiation can be 
achieved, over and above that due to extracting guided modes by Bragg 
scattering. 

io Reference herein to a layer is to a substantially uniform discrete layer of a 
material, the properties of which are suited to the function of the layer. 
Accordingly, it will be apparent that individual layers are distinguished by 
nature of configuration or component material, which may comprise one or a 
plurality of chemical entities present as a physical or chemical mixture. The 

15 electrodes may form an entire layer of the LED or may be present as discrete 
areas within a layer or on the surface of the LED. 

Preferably, at least one semiconducting layer or a component thereof, is 
capable of light emission by luminescence. Preferably, the emissive layer(s) or 
20 component thereof are substantially coincident with the junction of coincidence 
of charge carriers. More preferably the or each semiconducting layer is 
substantially emissive. 

Reference herein to electrons and holes is to negative and positive charge 
25 carriers respectively, as known in the art, also known as negative and positive 



polarons. 



30 



Reference herein to microstructure is to a structure having features and/or 
properties characterised by a small scale, such as microscopic. Features may be 
in the form of physical structuring, such as corrugation. Properties may be in 
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the form of micro variations in refractive index by composition 
variation, ion implantation or other methods and the like. Preferably, the 
microstructure is of microscopic scale. 

5 Reference herein to substantially periodic microstructure is to microstructure at 
least one section of which has a substantially regular period. The periodicity of 
the microstructure may be uniform throughout or the microstructure may have 
sections with differing periodicity. Both of these may form a pattern or array. 

10 The microstructure may have any suitable period or range of periods of features 
and/or properties to give the effect of improved efficiency. Preferably, the 
period is of microscopic scale. More preferably, the period is in the order of 50 
- 2000 nanometers, more preferably between 100 and 600 nm. In one preferred 
embodiment the period is between 350 and 450 nm and ideally 400nm. 



Preferably the microstructure is solid such that any or all microstructured layers 
are continuous, that is, do not comprise any form of perforation containing no 
material or a material of appreciably lower optical density within their 
structure. 



The microstructure is preferably generally lateral, that is, extends in a 
substantially parallel plane to the semiconducting layer and/or further layers 
and/or LED structure. The microstructure may be present in any lateral extent 
of the defined layers or electrodes. For example, it may extend over 
25 substantially all of the microstructured layer(s) or electrode(s), a substantial 
part thereof or a small part thereof. Preferably, the microstructure extends over 
a substantial part thereof, more preferably over substantially all thereof. 



15 



20 



The microstructured layer(s) and/or electrode(s) may extend in any lateral 
30 extent of the LED structure. Preferably, they extend over substantially all of the 
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A device as hereinbefore defined may comprise any further layers of the LED, 
such as supporting, sealing, protective or conductive layers and the like. The 
5 microstructure may be present in any or all of these further layers. Its presence 
may be related to the method of fabrication or selected by other criteria. 

The microstructured layer(s) and or electrodes(s) may comprise a 
microstructure on one or both surfaces thereof or the microstructure may 
10 extend throughout the device. Preferably, the microstructure provides the 
entirety of at least one of the microstructured layers and/or electrodes. This has 
advantages of ease of manufacture in view of the low thickness of the LED 
layers (of the order of 20-100 nm), which complicates physical manipulation 
within the layer or of one surface of the layer only. 

15 

Preferably, the microstructure acts as a diffraction grating. This can be created 
by properties or structures as hereinbefore defined. 

In one preferred embodiment the microstructure comprises features in the form 
20 of physical structuring, preferably corrugation. Preferably the corrugation is in 
the form of one or more non-planar surfaces or layers and comprises an array 
of opposed projecting portions. The projections may be of any desired shape, 
such as sinusoidal, rectangular, jagged, pointed or the like. 

25 The array may give, for example, a sinusoidal, square or other wave form of the 
layer or surface such that each projecting portion extends laterally across the 
layer (sometimes known as one-dimensional corrugation). Alternatively, the 
array may be cross-corrugated to give a dimpled form of the surface such that a 
projecting portion is surrounded by opposed projecting portions (sometimes 

30 known as two- or multi-directional corrugation). 
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The corrugation may be of any suitable depth to improve efficiency. Preferably, 
the depth between peaks and troughs is of the order 5 to hundreds of 
nanometers. More preferably it is between 10 and 200 nm, even more 
preferably between 20 and 120 nm. 

The corrugation is preferably in the entirety of the layer. The thickness of a 
semiconducting layer in an organic LED is of the order of 100 nm. Surprisingly 
we have found that at the preferred depths of corrugation, the electrical and 
emission properties of the semiconducting layer are not detrimentally affected, 
despite the high ratio of corrugation depth to layer depth, which is close to 1:1. 

Where the microstructure comprises modified refractive index, the portions of 
the layer with modified refractive index are present within the layer and are in 
the form of lines or areas of modified refractive index laterally across the layer. 
The refractive index profile in the plane of the layer modified by such 
microstructure may take the form of, for example, a sinusoidal, square or other 
waveform of the refractive index. 

For organic LEDs, an electrode as hereinbefore defined adapted for electron 
injection is suitably comprised of any suitable electron injecting material for 
example as known in the art, preferably comprises any suitable metal, alloy or 
semi-conductor such as aluminium, lithium-aluminium, calcium or magnesium- 
silver, magnesium, magnesium-aluminium and the like optionally as an alloy or 
admixture with suitable agents. 

An electrode as hereinbefore defined adapted for hole injection is suitably 
comprised of any suitable hole injecting material for example as known in the 
art, preferably comprises any suitable metal, alloy or semi-conductor such as 
indium tin oxide (ITO), tin oxide or other transparent conductor, PEDOT, 
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polyanihne or like polymer, gold and the like, optionally as an admixture 
with suitable agents. 

A semiconducting layer as hereinbefore defined may comprise anv organic 
5 (including organometallic) or inorganic semiconducting material. Preferably it 
comprises organic material such as small organic molecules, such as aluminium 
trisquinolate (Alq3), metal chelates and the like, polymers or mixtures thereof. 
In a preferred embodiment, the material comprises a polymer, preferably a 
conjugated polymer, for example PPV and derivatives such as poly(2-methoxy, 
10 5-(2'-ethylhexyloxy) - /7-phenylene vinylene) (MEH-PPV), or polyfluorene. 
Conjugated polymers combine good transport properties with strong 
luminescence and simple processing. 

Other suitable semiconductor layers include compounds and alloys of gallium. 
15 Particularly preferred inorganic semiconducting materials are gallium arsenide 
and gallium nitride, and other like compound semiconducting materials which 
will suggest themselves to those skilled in the semiconducting art. 

A device as hereinbefore defined may comprise any further supporting, sealing 
20 or protective layers and the like. Preferably a device as hereinbefore defined 
comprises a transparent rigid or flexible support layer such as quartz or glass or 
suitable synthetic equivalent such as polymeric substrates on which the device 
is constructed or onto which the constructed device is transferred, whereby the 
integrity and uniformity thereof is preserved. A first support layer may be used 
25 during the construction of the device, onto which either outer layer may be 
deposited as desired, and intermediate and opposing layers subsequently 
applied, and a second support layer to be used during use applied to either outer 
layer as desired. Any of these layers may be micros tructured by any suitable 
means. 
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In a further aspect of the invention there is provided the novel use of a 
semiconducting organic layer with lateral microstructure in a device as 
hereinbefore defined. 

5 In a further aspect of the invention there is provided the use of a device as 
hereinbefore defined as a light emitting display of any desired surface area and 
for portable or fixed purpose. A display may comprise a single continuous 
device or a mosaic of devices depending on the size and nature thereof. 

10 Preferably a device is used for display purposes, such as electroluminescent TV 
or computer screens, back lighting of liquid crystal displays such as in watches 
and the like, very large area displays such as public information boards in 
airports and the like, small displays such as for household electrical goods 
including calculators, washing machines and the like, flexible displays, head-up 

15 (virtual reality) displays for training, entertainment purposes and the like, for 
example for aircraft pilot, road user training and the like; for improved 
efficiency applications such as for lighting of large areas, preferably by means 
of panelled low intensity (low brightness) wall or ceiling lighting in place of a 
plurality of independent lights, lighting powered by a battery source such as car 

20 brake lights, lighting in constant use such as traffic lights, warning and or road 
signs which may be optionally flashing or otherwise active, visible or near infra 
red security lighting. 

Preferably a device as hereinbefore defined comprises or is adapted to be 
25 associated with means for mounting and operation thereof in known manner. 
Devices may be used in AC or DC operation, with the hereinbefore mentioned 
advantages of efficiency, brightness, control of polarisation and spectrum. The 
increased efficiency reduces power consumption, which is of particular benefit 
in battery-powered equipment. 
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In a further aspect of the invention there is provided a method for the 
production of a device as hereinbefore defined. The device may suitably be 
produced by any technique as known in the art with the additional step of 
producing a microstructure as hereinbefore defined. The method steps are those 
5 necessary to produce the device as hereinbefore defined. 

Preferably a device as hereinbefore defined is produced by providing a first 
support layer of desired dimensions and laminating or coating this with 
successive layers. Preferably, metallic layers are deposited by thermal 
10 evaporation, electrolytic or reactive means. 

Preferably an organic semiconducting layer as hereinbefore defined is coated in 
a layer for example by means of spin coating, dip-coating, printing, evaporation 
or epitaxial growth. 



The microstructure as hereinbefore defined may be produced by any suitable 
method, such as embossing, photolithography, microcontact printing or laser 
holography. The microstructured layer(s) and/or electrode(s) may alternatively 
be deposited on a microstructured substrate or microstructured contact (e.g. 
20 ITO). 

In one preferred embodiment features, for example corrugations, are created by 
exposing a photoresist or other further layer to at least one laser beam and 
subsequently depositing the semi-conducting layer and optionally further layers 
25 directly or indirectly onto the featured layer. 

Preferably, the layer is exposed to an interference pattern created by a plurality 
of laser beams, preferably two laser beams. 
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30 Preferably, the layer is then cured where appropriate and is also preferably 
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coated (preferably by spin coating) with further layers. 

In one preferred embodiment, the microstructure is then transferred from the 
photoresist layer to the substrate upon which it is supported, typically the 
transparent support to the LED structure. 

In a further aspect of the invention there is provided a method for the operation 
of an LED as hereinbefore defined. Suitably an LED as hereinbefore defined is 
operated in known manner, by applying a voltage, causing a current to flow 
through the device. Advantageously a device as hereinbefore defined may be 
conveniently and reliably operated by virtue of the high efficiency thereof. 

The invention is now illustrated in non-limiting manner with reference to the 
following figures and examples. 

Preferred Embodiment 

In the following, the manufacture, testing and key results of a solution 
processed single layer polymer LED with lateral microstructure is described. 
Firstly, the device structure is electrically stable, which is counter-intuitive due 
to the ratio of corrugation height to overall device thickness. It is found that the 
device efficiency is increased by a factor of 3 to 4, the emission spectrum is 
significantly altered with the vibronic structure (i.e. the peaks of the 
characteristic emission) appearing sharper. Also, the emitted light is polarised, 
which is an extremely significant observation. 



(i) Fabrication of the grating 

The corrugation of lateral pitch 400 nm was made by exposing the photoresist 
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to the interference pattern of two laser beams. The first step was to spin the 
photoresist (Shipley S1805) onto silica substrates to give films of thickness 
500nm. The samples were then exposed to the interference pattern of two laser 
beams, generated using an Argon ion laser operating at 457.9 nm. Following 

5 exposure, the samples were developed, exposed to UV radiation (245 nm), and 
baked in air at up to 240 S C. The samples of corrugated photoresist were 
characterised by measurements of angle-dependent reflectivity and also by 
atomic force microscopy (AFM). These measurements confirmed the lateral 
period of 400 nm, but showed some sample to sample variation in grating 

10 depth. The peak to trough depth of grating determined by AFM was typically 
80 nm. 

(ii) Polymer LED structure 
15 The device structure studied is a solution processed single layer polymer 
electroluminescent (EL) device containing the polymer MEH-PPV as the 
emissive layer. The structure is shown in Fig. 1. 

A cross section showing the vertical layer structure of a device is shown in Fig. 
20 2. Although all of the layers are shown with microstructure, this is dependent 
on the fabrication parameters and not necessary for functioning of the device. 

As the photoresist is insulating, it is necessary to deposit a conducting anode on 
top of the photoresist. Gold has a work function comparable to ITO and has 

25 previously been used as a hole injecting contact (anode). A useful, i.e. 
relatively low absorption, gold layer should not be thicker than 20 nm and can 
be as thin as 8 nm. A layer of polyethylenedioxythiophene (PEDOT), which is 
a commercially available conductive polymer (Bayer AG, Germany), is 
deposited on top of the gold layer by spin-coating, and then baked for ten hours 

30 at 50 9 C in vacuo. PEDOT is transparent in the visible and hence has no effect 
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on the emission spectrum. The emissive layer of MEH-PPV is then 
spin-coated onto the PEDOT layer. Under a vacuum of 5x1 0~6 mbar a thin 
calcium electrode is deposited which is capped by a thick aluminium electrode 
to prevent oxidation. Light is emitted through the silica substrate. 

The completed device structure in this example is shown in Figures 3a and 3b. 
It has 8 pixels which may be addressed individually. The grating only covers 
one half of the substrate, so that the other half can be used as a direct 
comparison of both emission spectrum and efficiency. 

(iii) Device characteristics 

Fig. 4 shows the EL spectra measured of two adjacent pixel operating at the 
same bias and current. The peak (at 620 nm) is increased by a factor of -3.5 
and the total area of the spectrum is increased by a factor of -5 for the 
corrugated LED with respect to the uncorrugated LED. The peaks on the 
corrugated LED are resolved much more clearly, whereas the uncorrugated 
emission appears broadened. This figure demonstrates that the grating gives 
rise to an increase in external device efficiency and the variation of the 
emission spectrum (improvement of colour purity). 

In a separate experiment, the light output of two pixels on the corrugated and 
uncorrugated substrate was measured as a function of driving voltage. The 
results are shown in figure 5, and a substantial increase in the light output is 
obtained for the corrugated substrate. A standard analysis by taking into 
account the device current yields an external efficiency greater by a factor of 
-2.5 for this example. 



Fig. 6 shows the same graph on a logarithmic scale. It is clearly seen that both 
curves have a similar functional dependence on bias, indicating that a common 
electrical process gives rise to the electroluminescence (i.e. the injecting 
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properties of the anode are apparently not modified significantly bv the 
inclusion of the grating). The emission characteristic of the corrugated substrate 
is however increase by a factor of -2.5 with respect to the uncorrugated 
substrate. The ratio between the two curves is essentially constant between 4 
5 and 10 V, which suggests the enhancement is indeed purely due to the effect of 
the grating on scattering out waveguide modes. The discontinuity in the 
characteristic of the uncorrugated substrate at 5 V is insignificant (due to the 
low level of light involved) and is most probably due to a minute electrical 
spark across the device. 



Surface emitting LEDs generally emit unpolarised light. The results of an 
experiment to study the polarisation of the light emitted by a microstructured 
LED are shown in Fig. 7. The emitted light was detected through a polariser 
oriented either parallel or perpendicular to the direction of corrugation. A 

15 strong polarisation effect is observed for the corrugated LED. All three peaks in 
the electroluminescence spectrum display a polarisation dependence, the effect 
being strongest at the long wavelength peak. This is an extremely significant 
observation, as it demonstrates that polarised light emitted in the plane of the 
substrate is actually scattered out orthogonal to the substrate. It also 

20 demonstrates a means of fabricating a polarised EL device, which is of 
significant interest to LCD backlight applications. 

(iv) General remarks 

The corrugation is clearly visible at the top of the aluminium contacts through 
25 the entire device structure, which add up to a total thickness of -400 nm. This 
demonstrates that the corrugation propagates throughout the LED and in 
particular through the polymer film, which gives rise to the efficiency 
enhancing scattering out of waveguide modes. 



10 



30 The main theoretical objection to the device structure presented in this example 
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here has previously been the ratio between the emissive layer thickness 
and the depth of the corrugation, which are clearly comparable. It was thought 
that an unevenness of 80 nm would lead to a highly non-uniform field across 
the emissive layer of comparable thickness, which generally leads to localised 
heating and electrical breakdown through shorting of the device. Pinhole 
formation and unevenness in ITO (spikes resulting from the relatively crude 
sputtering process) have been a major problem in organic LEDs. In the above 
example, all devices were free of shorts despite the strong modulation of the 
anode surface profile. 
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CLAIMS 
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io 2. 



3. 

15 



4. 

20 



5. 

25 



A light emitting diode (LED), comprising an electrode adapted for 
electron injection, a second opposing electrode adapted for hole 
injection, one or more intermediate semi-conductor layers arranged 
therebetween and optionally one or more further layers wherein the LED 
comprises at least one microstructured feature adapted to manipulate 
emission or propagation of light. 

A LED as claimed in Claim 1 wherein the microstructured feature is 
adapted to modify the intensity, polarisation or spectrum of emitted 
light. 

A LED as claimed in Claim 1 or Claim 2 wherein the microstructured 
feature is generally lateral, such as to extend in a substantially parallel 
plane to the one or more semi-conductor layers and/or further layers of 
the device. 

A LED as claimed in any preceding claim wherein the microstructured 
feature comprises a substantially periodic microstructure which is 
effective in controlling intensity, polarisation or spectrum of the emitted 
light. 

A LED as claimed in Claim 4, wherein the substantially periodic 
microstructure is configured to Bragg scatter at least certain modes of 
emitted light. 



A LED as claimed in Claim 4 or Claim 5 wherein the substantially 
periodic microstructure is specifically configured to increase efficiency 
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20 

11. 

25 

12. 



of emission by facilitating the emission, at least in part of light that 
would otherwise have been trapped in waveguide modes in the emissive 
layer. 

A LED as claimed in one of Claims 4 to 6 wherein the substantially 
periodic microstructure is specifically configured to control the 
polarisation state of emitted radiation. 

A LED as claimed in any one of Claims 4 to 7 wherein the substantially 
periodic microstructure is adapted to control or limit the frequency of 
radiation emitted in a given direction. 

A LED as claimed in Claim 8 wherein the periodic microstructure 
consists of many regions of different periodicity to couple out light of 
different colours. 

A LED in accordance with any one of Claims 4 to 9 wherein the 
substantially periodic microstructure is configured in conjunction with 
the photonic band-structure of the LED to allow for the preferential 
excitation of one or more desired wave guide modes. 

A LED as claimed in any one of Claims 4 to 10 wherein the period is of 
microscopic scale in the order of 50 - 2000 nanometers, more preferably 
between 100 and 600 nm, more preferably between 350 and 450 nm and 
ideally 400nm. 

A LED as claimed in any preceding claim wherein at least one semi- 
conducting layer, or a component thereof, is capable of light emission by 
luminescence. 
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13. A LED as claimed in any preceding claim wherein the 
microstructured feature is solid such that any or all microstructured 
layers are continuous. 



14. A LED as claimed in any preceding claim wherein the microstructured 
feature provides the entirety of at least one of the microstructured layers 
and/or electrodes. 



15. A LED as claimed in any preceding claim wherein the microstructured 
feature acts as a diffraction grating. 

16. A LED as claimed in any preceding claim wherein the microstructured 
feature comprises features in the form of corrugation, which is in the 
form of one or more non-planar surfaces or layers and comprises an 
array of opposed projecting portions. 

17. A LED as claimed in Claim 16 wherein the depth between peaks and 
troughs is of the order 5 to hundreds of nanometers. 

18. A LED as claimed in Claim 17 wherein the depth is between 10 and 200 
nm, more preferably between 20 and 120 nm. 

19. A LED as claimed in any of Claims 16 to 18 wherein the corrugation is 
in the entirety of the layer. 

20. A LED as claimed in any preceding claim wherein the microstructured 
feature comprises areas of modified refractive index. 
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15 
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20 27. 



A LED as claimed in Claim 20 wherein the portions of the layer with 
modified refractive index are present within the layer and are in the form 
of lines or areas of modified refractive index laterally across the layer. 

A LED as claimed in any preceding claim comprising at least one 
organic or organometallic semi-conducting layer. 

A LED as claimed in Claim 22 wherein the organic semi-conducting 
layer comprises a conjugated polymeric material. 

A LED as claimed in any preceding claim comprising at least one 
inorganic semi-conducting layer. 

The use of a semi-conducting organic or organometallic layer with 
lateral microstructure in a LED as claimed in any preceding claim. 

The use of a LED as claimed in any of Claims 1 to 24 as a light emitting 
display of any desired surface area and for portable or fixed purpose. 

A method for the production of a light emitting diode ? wherein a laminar 
structure is fabricated comprising an electrode adapted for electron 
injection, a second opposing electrode adapted for hole injection, one or 
more intermediate semi-conductor layers placed therebetween, and 
optionally one or more further layers, and further comprising the step of 
adapting the LED such that there is at least one microstructured feature 
adapted to manipulate emission or propagation of light. 



28. 

30 



The method of Claim 26 wherein the adapting step comprises 
incorporating at least one semi-conducting organic layer with lateral 
periodic microstructure. 
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29. The method of Claim 27 wherein the semi-conducting organic layer is 
coated in a layer by means of spin coating, dip-coating, printing, 
evaporation or epitaxial growth. 

30. The method of any of Claims 26 to 28 wherein the microstructured 
feature is produced by embossing, photolithography, microcontact 
printing or laser holography or by deposition on a microstructured 
substrate or microstructured contact. 

31. The method of Claim 29 wherein microstructured features are created by 
exposing a photoresist or other further layer to at least one laser beam. 

32. The method of Claim 30 wherein the microstructure is then transferred 
from the photoresist layer to the substrate upon which it is supported, 
typically the transparent support to the LED structure. 

33. A LED adapted for light emission substantially as hereinbefore 
described with reference to the accompanying drawings. 

34. A method for the production of a LED adapted for light emissions 
substantially as hereinbefore described with reference to the 
accompanying drawings. 
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1 -20 as originally filed 

Claims, No.: 

1-32 as received on 07/05/2001 with letter of 04/05/2001 

Drawings, sheets: 

1/7-7/7 as .ooginally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 7,9,15,16,20,21,23,26,27,29 

No: Claims 1 - 6, 8, 10 - 14, 17 - 19, 22, 24, 25, 28, 30 - 32 

Inventive step (IS) Yes: Claims 7 

No: Claims 1 - 6, 8 - 32 

Industrial applicability (IA) Yes: Claims 1 - 32 

No: Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Concerning Section V: 

I. Claim 1: 

1. The document WO-A-98/25313 (= D1) describes a light emitting diode (cf. page 8, 
lines 3 to 7, and Fig. 5), which comprises one or more intermediate semiconductor 
layers (55) and optionally one or more further layers, wherein the LED comprises at 
least one substantially periodic microstructured feature (53) adapted to manipulate 
emission and/or propagation of light by coupling non-radiative waveguide-modes to 
far-field radiation. Since the light emitting device in document D1 is fabricated from 
a sequence of layers on a substrate (51 ), it is implicitly clear that the LED must have 
two electrodes, one adapted for electron injection and one adapted for hole injection, 
sandwiching the layer structure. As a consequence, all the features of claim 1 are 
anticipated by document D1, and therefore claim 1 is not considered to meet the 
requirements of Article 33(2) and (3) PCT. 

2. The document WO-A-98/25314 (= D2), has not been cited in the International Search 
Report. It describes (cf. page 7, line 21 , to page 14, line 32, and Figs. 5 and 6) a light 
emitting diode having a microstructured feature adapted to manipulate emission or 
propagation of light as well. Also in document D2 electrodes are not explicitly 
described, but they belong to a light emitting diode and are therefore implicitly 
disclosed. 

3. The arguments of the applicants put forward in their letter of 4 May 2001 are not 
convincing, because structural differences between the microstructured features of 
the device according to claim 1 and of the devices according to documents D1 or D2 
have to be specified in the claim. At present, the microstructured feature of claim 1 
should be the same as in D1 or D2. 



II. Claims 2 to 22: 

1 . The additional features of dependent claims 2, 5, 6, and 8 are known from document 
D2. Therefore claims 2, 5, 6, and 8 do not appear to meet the requirements of Article 
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33(2) and (3) PCT. 

2. As is described in document D2, only certain modes of the radiation field can oscillate 
in the light emitting diode. These modes differ from each other eg in the polarisation. 
Therefore the additional features of claim 3 are also known from document D2, and 
claim 3 is not considered to meet the requirements of Article 33(2) and (3) PCT. 

3. The additional features of claims 4, 10, and 22 are known from either one of 
documents D1 and D2, and therefore claims 4, 10, and 22 are not considered to 
meet the requirements of Article 33(2) and (3) PCT. 

4. The additional feature of claim 7 is not known nor rendered obvious from the 
available prior art. Claim 7 is therefore considered to meet the requirements of Article 
33(2) and (3) PCT. 

5. A person skilled in the art of semiconductor optical devices knows that the size of any 
feature designed to influence the emitted light depends on the wavelength of said 
light. He would thus obtain sizes as specified in claims 9, 15, and 16 by routine 
optimisation of parameters, taking into account his specific needs. Claims 9, 15, and 
16 are thus not considered to meet the requirement of Article 33(3) PCT. 

6. The additional features of claims 1 1 to 14 and 17 are known from document D1 , and 
therefore claims 11 to 14 and 17 are not considered to meet the requirements of 
Article 33(2) and (3) PCT. 

7. The additional features of claims 18 and 19 are known from document D2. Thus 
claims 18 and 19 do not appear to meet the requirements of Article 33(2) and (3) 
PCT. 

8. The use of semiconducting organic materials in light emitting devices is generally 
known and would therefore also be contemplated in a device according to document 
D1 or document D2. Claims 20 and 21 are therefore not considered to meet the 
requirement of Article 33(3) PCT. 
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III. Claims 23 and 24: 

1. As has been pointed out in the preceding paragraph II. 8, semiconducting organic 
layers are generally known in the art. The provision of a lateral microstructure is 
described in document D2, and it is also evident to use such an organic layer in a 
light emitting diode. Thus the person skilled in the art would obtain all the features of 
claim 23 without employment of inventive skill, and therefore claim 23 does not 
appear to meet the requirement of Article 33(3) PCT. 

2. The use of an LED in any light emitting display is self-evident for a person skilled in 
the art and has often been described. The person skilled in the art knows the subject- 
matter of claim 24 from his general knowledge, and therefore claim 24 is not 
considered to meet the requirements of Article 33(2) and (3) PCT. 

IV. Claims 25 to 30: 

1. The documents D1 and D2 describe also a method for the production of a light 
emitting diode, wherein a laminar structure is fabricated comprising one or more 
intermediate semiconductor layers and one ore more further layers, and further 
comprising the step of adapting the LED such that there is at least one substantially 
periodic microstructured feature adapted to manipulate emission or propagation of 
light by coupling non-radiative waveguide-modes to far-field radiation. The fabrication 
of two opposing electrodes is not mentioned but implicitly clear from document D1 
or document D2. Thus all the features of claim 25 are known from either one of 
documents D1 and D2, and claim 25 is not considered to meet the requirements of 
Article 33(2) and (3) PCT. 

2. The additional feature of dependent claim 26 is obvious from the fact that 
semiconducting organic layers are generally known and from documents D1 or D2. 
Therefore claim 26 is not considered to meet the requirement of Article 33(3) PCT. 

3. The additional features of claim 27 are generally known to a person skilled in the art 
of organic semiconducting materials. Claim 27 is therefore also not considered to 
meet the requirement of Article 33(3) PCT. 
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4. The additional features of claims 28 and 30 are known from document D1 (cf. page 
10, line 10, to page 12, line 13). Thus claims 28 and 30 are not considered to meet 
the requirements of Article 33(2) and (3) PCT. 

5. The use of a laser beam as a light source is readily at the disposal of a skilled 
process engineer. Therefore claim 29 is not considered to meet the requirement of 
Article 33(3) PCT. 

V- Claims 31 and 32: 

1 . A light emitting device as in claim 31 is known from document D1 or document D2. 
Therefore claim 31 is not considered to meet the requirements of Article 33(2) and 
(3) PCT. 

2. A method as in claim 32 is known from document D1 or D2. Thus claim 32 is also not 
considered to meet the requirements of Article 33(2) and (3) PCT. 



Concerning Section VII: 

1 . Claims 31 and 32 contain references to the description and the drawings. According 
to Rule 6.2(a) PCT, claims should not contain such references except where 
absolutely necessary, which is not the case here. Claims 31 and 32 should therefore 
be deleted. 

2. Independent claims 1 and 25 are not in the two-part form in accordance with Rule 
6.3(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (document D1) being placed in the preamble 
(Rule 6.3(b)(i) PCT) and with the remaining features being included in the 
characterising part (Rule 6.3(b)(ii) PCT). 

3. Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
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disclosed in the documents D1 and D2 is not mentioned in the description, nor are 
these documents identified therein. 



Concerning Section VIII: 



1 . Claims 2, 3, 5, 6, and 8 describe the features of the device in terms of a result to be 
achieved. Such a wording is not clear in the sense of Article 6 PCT, since the person 
skilled in the art reading the claims would need inventive thought to put the invention 
into practice. 

2. The use of the word "substantially" in claims 1,2,4, and 25 obscures the scope of 
protection sought by these claims (Article 6 PCT). 

3. Claim 23 refers to all preceding claims, but the semiconducting organic or 
organometallic layer is only defined in claims 20 and 21 (Article 6 PCT). 
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1. A light emitting diode (LED), comprising an electrode adapted for 
5 electron injection, a second opposing electrode adapted for hole 

injection, one or more intermediate semi-conductor layers arranged 
therebetween and optionally one or more further layers wherein the LED 
comprises at least one substantially periodic rnicrostructured feature 
adapted to manipulate emission and/or propagation of light by coupling 
1 0 non-radiative waveguide-modes to far- field radiation. 

2. A LED as claimed in claim 1 wherein the substantially periodic 
rnicrostructured feature is configured to increase efficiency of emission 
by facilitating the coupling, at least in part to useful far-field radiation so 

1 5 recovering some of the energy that would otherwise have been lost to 

non-radiative waveguide-modes. 

3. A LED as claimed in Claim 1 or Claim 2 wherein the rnicrostructured 
feature is adapted to modify the intensity, polarisation or spectrum of 

20 emitted light. 

4. A LED as claimed in any preceding claim wherein the rnicrostructured 
feature is generally lateral, such as to extend in a substantially parallel 
plane to the one or more semi-conductor layers and/or further layers of 

25 the device. 

5. A LED as claimed in any preceding claim wherein the rnicrostructured 
feature is specifically configured to control the polarisation state of 
emitted radiation. 

30 
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6. A LED as claimed in any preceding claim wherein the 
microstructured feature is adapted to control the frequency of radiation 
emitted in a given direction. 



5 7. A LED as claimed in Claim 6 wherein the periodic microstructure 
consists of many regions of different periodicity to couple out light of 
different colours. 

8. A LED any preceding claim wherein the microstructured feature is 
10 configured in conjunction with the photonic band-structure of the LED 

to allow for the preferential excitation of one or more desired wave 
guide modes. 

9. A LED any preceding claim wherein the microstructured feature is of 
15 microscopic scale in the order of 50 — 2000 nanometers, more preferably 

between 100 and 600 nm, more preferably between 350 and 450 nm and 
ideally 400nm. 

10. A LED as claimed in any preceding claim wherein at least one semi- 
20 conducting layer, or a component thereof, is capable of light emission by 

luminescence. 

11. A LED as claimed in any preceding claim wherein the microstructured 
feature is solid such that any or all microstructured layers are 

25 continuous. 

12. A LED as claimed in any preceding claim wherein the microstructured 
feature provides the entirety of at least one of the microstructured layers 
and/or electrodes. 

30 
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13. A LED as claimed in any preceding claim wherein the 
microstructured feature acts as a diffraction grating. 

14. A LED as claimed in any preceding claim wherein the microstructured 
5 feature comprises features in the form of corrugation, which is in the 

form of one or more non-planar surfaces or layers and comprises an 
array of opposed projecting portions. 

15. A LED as claimed in Claim 14 wherein the depth between peaks and 
1 0 troughs is of the order five to hundreds of nanometers. 

16. A LED as claimed in Claim 15 wherein the depth is between 10 and 200 
nm, more preferably between 20 and 120 nm. 

15 17. A LED as claimed in any of Claims 14 to 16 wherein the corrugation is 
in the entirety of the layer. 

18. A LED as claimed in any preceding claim wherein the microstructured 
feature comprises areas of modified refractive index. 

20 

19. A LED as claimed in Claim 18 wherein the portions of the layer with 
modified refractive index are present within the layer and are in the form 
of lines or areas of modified refractive index laterally across the layer. 

25 20. A LED as claimed in any preceding claim comprising at least one 
organic or organometallic semi-conducting layer. 

21. A LED as claimed in Claim 20 wherein the organic semi-conducting 
layer comprises a conjugated polymeric material. 

30 
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22. A LED as claimed in any preceding claim comprising at least 

one inorganic semi-conducting layer. 

23. The use of a semi-conducting organic or organometallic layer with 
5 lateral microstructure in a LED as claimed in any preceding claim. 

24. The use of a LED as claimed in any of Claims 1 to 22 as a light emitting 
display of any desired surface area and for portable or fixed purpose. 

10 25. A method for the production of a light emitting diode, wherein a laminar 
structure is fabricated comprising an electrode adapted for electron 
injection, a second opposing electrode adapted for hole injection, one or 
more intermediate semi-conductor layers placed therebetween, and 
optionally one or more further layers, and further comprising the step of 

15 adapting the LED such that there is at least one substantially periodic 

microstructured feature adapted to manipulate emission and/or 
propagation of light by coupling non-radiative waveguide-modes to far- 
field radiation. 

20 26. The method of Claim 25 wherein the adapting step comprises 
incorporating at least one semi-conducting organic layer with lateral 
periodic microstructure of suitable period to facilitate the coupling, at 
least in part to useful far-field radiation so recovering some of the 
energy that would otherwise have been lost to non-radiative waveguide- 

25 modes. 

27. The method of Claim 26 wherein the semi-conducting organic layer is 
coated in a layer by means of spin coating, dip-coating, printing, 
evaporation or epitaxial growth. 

30 
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28. The method of any of Claims 25 to 27 wherein the microstructured 
feature is produced by embossing, photolithography, microcontact 
printing or laser holography or by deposition on a microstructured 
substrate or microstructured contact. 

5 

29. The method of Claim 28 wherein microstructured features are created by 
exposing a photoresist or other further layer to at least one laser beam. 

30. The method of Claim 29 wherein the microstructure is then transferred 
10 from the photoresist layer to the substrate upon which it is supported, 

typically the transparent support to the LED structure. 

31. A LED adapted for light emission substantially as hereinbefore 
described with reference to the accompanying drawings. 



15 



32. A method for the production of a LED adapted for light emissions 
substantially as hereinbefore described with reference to the 
accompanying drawings. 
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